































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Enrolled	 Behavioral	 P3b	ERP	 N2	ERP	 Flanker	 DCCS	 LSWM	
5	 9	 5	 9	 5	 9	 5	 9	 5	 9	 5	 9	 5	 9	







	 1.	 2.	 3.	 4.	 5.	 6.	 7.	 8.	
1.	Age	 1	 	 	 	 	 	 	 	
2.	PBSI	Accuracy	 .500**	 1	 	 	 	 	 	 	
3.	PBSI	RT	 .252*	 .374**	 1	 	 	 	 	 	
4.	PBSI	Sum	 .503**	 .973**	 .579**	 1	 	 	 	 	
5.	d’	context	 .613**	 .639**	 .182	 .607**	 1	 	 	 	
6.	Flanker		
(uncorrected)	
.760**	 .437**	 .356**	 .473**	 .516**	 1	 	 	
7.	DCCS		
(uncorrected)	
.730**	 .413**	 .320**	 .443**	 .415**	 .695**	 1	 	
8.	LSWM		
(uncorrected)	
.792**	 .401**	 .202	 .410**	 .553**	 .737**	 .615**	 1	
M	 7.1872	 -.0375	 .1490	 .1115	 2.5257	 75.3421	 78.2368	 83.0139	





































Total	Trials	Completed	 217.79	(50.00)	 260.05	 (33.37)	 -4.458	(<.001)	




AY	Accuracy	 84.97	(11.1)	 83.16	(12.2)	 .441	(.660)	
BX	Accuracy	 72.13	(16.8)	 88.92	(10.8)	 -5.301	(<.001)	
BY	Accuracy	 91.62	(7.1)	 97.76	(3.7)	 -3.221	(.002)	
AX	RT	(not	z-transformed)	 1502.53	(426.13)	 748.18	 (347.23)	 8.603	(<.001)	
AY	RT	(not	z-transformed)	 1730.23	(423.95)	 825.17	(329.54)	 10.507	(<.001)	
BX	RT	(not	z-transformed)	 1430.19	(635.46)	 591.75	(312.62)	 6.998	(<.001)	
BY	RT	(not	z-transformed)	 1466.67	(405.45)	 595.06	 (302.30)	 10.713	(<.001)	
	
Analyses	examining	group	differences	in	reaction	time	revealed	a	main	effect	
for	Condition	F(1,	75)	=	90.640,	p	<	.001,	η2	=	.547	but	no	main	effect	of	Group,	
which	was	not	unexpected	due	to	the	z-transformation	procedure	F(1,	75)	=	2.07,	p	
=	.155,	η2	=	.027.	A	significant	Group	by	Condition	interaction	also	emerged	F(1,	75)	
=	8.55,	p	=	.005,	η2	=	.102.	Bonferroni-corrected	follow-up	tests	revealed	that	both	
5-year-olds	and	9-year-olds	were	slower	on	AY	trials	(5:	M	=	.24,	SD	=	.29;	9:	M	=	.34,	
SD	=	.27)	relative	to	BX	(5:	M	=		-.11,	SD	=	.32;	9:	M	=	-.32,	SD	=	.24)	trials	(5:	F(1,	75)	=	
22.04,	p	<	.001,	η2	=	.227;	9:	F(1,	75)	=	76.45,	p	<	.001,	η2	=	.505.	Additionally,	5-
year-olds	(M	=	-.11,	SD	=	.32)	were	significantly	slower	than	9-year-olds	(M	=	-.32,	SD	=	
.24)	on	BX	trials	F(1,	75)	=	10.041,	p	=	.002,	η2	=	.122.	The	two	groups	did	not	differ	
in	the	z-transformed	reaction	time	on	AY	trials	F(1,	75)	=	2.589,	p	=	.112,	η2	=	.033.	
Second,	group	differences	in	the	three	PBSI	indices	–	performance,	RT,	and	
sum	–	and	d’	context	were	examined	using	an	independent	sample	t-test	for	each	
measure.	For	the	PBSI	accuracy	measure,	the	test	revealed	that	9-year-olds	(M	=	.19,	
SD	=	.46)	used	a	more	proactive	strategy,	while	5-year-olds	(M	=	-.26,	SD	=	.38)	used	a	
reactive	strategy,	t(75)	=	-4.66,	p	<	.001.	For	the	PBSI	RT	measure,	the	test	revealed	
that	9-year-olds	(M	=	.18,	SD	=	.11)	used	a	more	proactive	strategy	than	5-year-olds	
Table	3.	Descriptive	statistics	for	each	age	group	(mean	and	standard	deviation	in	
parentheses)	and	group	differences	(t	value	and	significance	in	parentheses).	
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(M	=	.12,	SD	=	.15),	t(75)	=	-2.08,	p	=.041.	For	the	PBSI	sum	measure,	the	test	revealed	
that	9-year-olds	(M	=	.37,	SD	=	.51)	used	a	proactive	strategy,	while	5-year-olds	(M	=	-
.14,	SD	=	.37)	used	a	reactive	strategy,	t	(75)	=	-4.68,	p	<	.001.	Finally,	the	t-test	for	the	
d’	context	measure	of	context	sensitivity	revealed	that	9-year-olds	(M	=	3.08,	SD	=	
.14)	had	more	context	sensitivity	than	5-year-olds	(M	=	1.99,	SD	=	.12),	t	(75)	=	-6.00,	p	
<	.001.	
Finally,	to	examine	whether	cue	or	probe	relationships	drove	responding	
within	each	age	group,	partial	correlations,	controlling	for	AX	reaction	times,	were	
conducted	for	AY,	BX,	and	BY	trials	(see	Figure	5).	Consistent	with	the	notion	that	
reactive	control	is	associated	with	probe	identity,	5-year-olds	showed	a	significant	
correlation	between	reaction	times	on	the	two	trial	types	that	share	a	probe	--	AY	
and	BY	trials	(r(36)=.410,	p=.010).	5-year-old	reaction	times	between	AY	and	BX	
(r(36)	=	-.118,	p	=	.481)	and	BY	and	BX	(r(36)	=	.007,	p	=	.964)	were	not	significantly	
associated.	Consistent	with	the	notion	that	proactive	control	is	associated	with	cue	
identity,	9-year-olds	showed	a	significant	correlation	between	reaction	times	on	the	
two	trial	types	that	share	a	cue	--	BX	and	BY	trials	(r(35)=.631,	p<.001).	9-year-old	
reaction	times	between	AY	and	BX	(r(35)	=	.123,	p	=	.468)	and	AY	and	BY	(r(35)	=	
.161,	p	=	.340)	were	not	significantly	associated.	
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5.3	Aim	2:	To	examine	whether	development	in	cognitive	control	strategy	is	
accompanied	by	altered	patterns	of	neural	activation.	
5.3.1	Cue-locked	P3b	Processing	
	 To	examine	differences	in	the	P3b	amplitude	2	Group	(5-year-old,	9-year-old)	
by	2	Condition	(A	cue,	B	cue)	repeated	measures	ANOVA	was	conducted	(see	Figure	
6	for	waveforms).	The	model	revealed	a	main	effect	for	Condition	F(1,	69)	=	18.306,	
p	<	.001,	η2	=	.210,	which	was	qualified	by	a	significant	Group	by	Condition	
interaction	F(1,	69)	=	6.171,	p	=	.015,	η2	=	.082.	Bonferroni-corrected	follow-up	tests	
revealed	that	9-year-olds	had	a	larger	P3b	for	B	cues	(M	=	7.9416,	SD	=	4.60614)	
relative	to	A	cues	(M	=	4.9765,	SD	=	3.67452;	F(1,	69)	=	23.875,	p<	.001,	η2	=	.257),	
while	5-year-olds	P3b	did	not	differ	by	trail	type	(A	cues:	M	=	7.485,	SD	=	4.586;	B	
cues:	M	=	8.271,	SD	=	5.377;	F(1,	69)	=	1.545,	p	=	.218,	η2	=	.022).	Additionally,	on	A	
cues,	9-year-olds	had	a	significantly	smaller	P3b	than	5-year-olds,	F(1,	69)	=	6.158,	
Figure	5.	Partial	correlations	between	AY,	BX,	and	BY	reaction	times	while	controlling	for	
reaction	times	on	AX	trials.	Pearson’s	correlations	are	reported	in	circle	overlaps	and	significant	
correlations	are	marked	with	an	asterisk.	
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p=	.013,	η2	=	.086.	P3b	amplitude	on	B	trials	did	not	differ	between	groups,	F(1,	69)	
=	.077,	p=.782,	η2	=	.0011.	
	 Relations	between	the	P3b	and	cognitive	control	strategy	use	were	examined	
using	Pearson’s	correlations.		First,	a	P3b	difference	score	was	created	by	
subtracting	the	amplitude	of	the	‘A’	cue	from	the	‘B’	cue.	The	P3b	difference	score	
was	significantly	and	positively	correlated	with	both	the	PBSI	sum	score	(r(69)	=	.346,	
p	=	.003)	and	the	d’	context	score	(r(69)	=	.294,	p	=	.013)	suggesting	that	the	larger	
the	amplitude	difference	between	the	‘A’	and	‘B’	cues,	the	more	proactive	or	
context-sensitive	strategy	was	implemented.		To	further	explore	this	finding,	
separate	correlations	were	run	within	each	age	group	and	differences	in	the	
strength	of	correlation	were	compared	using	a	Fisher	r-to-z	transformation.		There	
was	no	significant	correlation	between	the	PBSI	sum	score	and	the	P3	difference	
score	for	the	5-year-old	age	group	(r(32)	=	.117,	p	=	.511),	but	there	was	a	significant	
association	in	the	9-year-old	age	group	(r(35)	=	.362,	p	=	.028).		However,	the	
correlations	between	the	5-year-olds	and	9-year-olds	were	not	significantly	different	
in	strength	(z=-.94,	p=.347).		There	was	no	significant	correlation	between	and	the	d’	
context	score	and	the	P3b	difference	score	in	both	the	5-year-old	age	group	(r(32)	=	
.125,	p	=	.482)	and	9-year-old	age	group	(r(35)	=	.213,	p	=	.207).		Additionally,	the	
correlations	between	the	5-year-olds	and	9-year-olds	were	not	significantly	different	
in	strength	(z=-.037,	p=.711).	
	
																																																						
1	The	interactive	effects	are	still	marginally	significant	after	controlling	for	the	number	of	trials	
completed	by	the	participant.	
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5.3.2	Probe-locked	N2	Processing	
To	examine	differences	in	the	N2	amplitude	2	Group	(5-year-old,	9-year-old)	
by	2	Condition	(AY,	BX)	repeated	measures	ANOVA	was	conducted	(see	Figure	7	for	
Figure	6.	A)	ERP	waveforms	for	the	P3b	(top)	for	5-year-olds.	B)	ERP	waveforms	for	the	P3b	
(bottom)	for	9-year-olds.	
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task	waveforms).	The	main	effect	for	Condition,	the	main	effect	for	Group,	and	the	
Group	by	Condition	interaction	failed	to	reach	significance.	2	
Relations	between	the	N2	and	cognitive	control	strategy	use	were	examined	
using	Pearson’s	correlations.	First,	a	difference	score	was	created	by	subtracting	the	
amplitude	of	the	‘AY’	trials	from	the	‘BX’	trials.	The	N2	difference	score	was	not	
significantly	and	correlated	with	the	PBSI	sum	score	(r(61)	=	.020,	p	=	.875)	nor	the	d’	
context	score	(r(61)	=	.063,	p	=	.624).	Given	no	significant	associations	between	
behavioral	measures	and	the	N2,	further	group-level	associations	were	not	explored.	
																																																						
2	These	results	remain	insignificant	after	correcting	for	differences	in	the	preceding	positivity	as	well	
as	after	controlling	for	the	number	of	trials	completed	by	the	participant.	
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Figure	7.	A)	ERP	waveforms	for	the	N2	(top)	for	5-year-olds.	B)	ERP	waveforms	for	the	N2	
(bottom)	for	9-year-olds.	
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5.4	Aim	3:	To	examine	which	executive	skills	are	associated	with	proactive	and	
reactive	strategy	use.	
	 To	examine	whether	age-related	differences	in	cognitive	functioning	predict	
cognitive	control	strategy	use,	a	series	of	regressions	were	conducted.	First,	to	
ensure	that	the	proper	test	was	conducted,	the	distribution	of	the	outcome	
variables	–	the	PBSI	sum	score	and	d’	context	–	were	examined.	Both	the	PBSI	sum	
score	(p=.528)	and	context	(p=.792)	scores	survived	the	Shapiro-Wilk	test	for	
normality,	and	as	such	all	analyses	were	conducted	assuming	a	normal,	linear	
distribution.		
To	examine	which	executive	functions	(inhibitory	control,	attention	shifting,	
and	working	memory)	predicted	cognitive	control	strategy	use,	separate	linear	
regressions	were	conducted	for	the	5-year-old	and	9-year-old	groups.	For	each	age	
group,	uncorrected	scores	from	all	three	of	the	NIH	toolbox	executive	tasks	(DCCS,	
Flanker,	and	List	Sorting	Working	Memory)	were	regressed	onto	the	PBSI	sum	and	d’	
context	scores.	For	the	5-year-old	age	group,	the	model	predicting	the	PBSI	sum	
score	failed	to	reach	significance	F(3,	30)	=	.099,	p	=.960.	The	model	predicting	the	d’	
context	also	did	not	reach	significance	F(3,	30)	=	.138,	p	=.937.	For	the	9-year-old	age	
group,	the	model	predicting	the	PBSI	Sum	composite	failed	to	reach	significance,	F(3,	
34)	=	2.253,	p	=.100.	The	model	predicting	the	d’	context	did	reach	significance,	F(3,	
34)	=	3.460,	p	=.027.	Working	memory	was	positively	related	to	d’	context	(t(35)	=	
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2.217,	p	=	.033),	while	attention	shifting	(t(35)	=	-1.735,	p	=	.092)	and	inhibitory	control	
(t(35)	=	1.139,	p	=	.263)	were	not	significantly	related	to	d’	context.	
Next,	separate	linear	regressions	were	performed	for	each	executive	skill.	In	
each	of	these	regressions,	age	group	(dichotomously	coded),	executive	skill	
(attention	shifting,	inhibition,	and	working	memory),	and	an	age	by	executive	skill	
interaction	term	were	regressed	onto	the	continuous	PBSI	sum	score.	The	regression	
model	examining	the	relations	between	inhibitory	control	(as	indexed	by	the	Flanker	
task)	and	age	(dichotomously	coded)	reached	significance	F(3,	72)	=	9.8309,	p	<	.0001.	
When	examining	the	individual	predictors,	it	was	found	that	neither	performance	on	the	
flanker	(t(74)	=	.6023,	p	=	.5489)	nor	age	group	(t(74)	=	1.2692	,	p	=	.2085)	predicted	
performance	on	the	PBSI	sum.	The	interaction	term	between	age	and	inhibitory	control	
reached	marginal	significance	(t(74)	=	1.7974,	p	=	.0765).		To	understand	better	how	age	
and	inhibitory	control	interacted	to	predict	proactivity,	follow-up	analyses	were	
conducted	by	examining	conditional	effects	by	Group.		A	graphical	representation	of	the	
interaction	is	provided	in	Figure	8.	Due	to	the	marginal	significance	of	the	interaction,	
these	data	should	be	interpreted	with	caution.		Follow-up	analyses	indicated	that	
inhibitory	control	was	not	a	significant	predictor	of	proactivity	for	5-year-olds	(t	=	.0623,	
p	=	.5489),	while	it	was	a	significant	predictor	of	proactivity	for	9-year-olds	(t	=	.2557	p	=	
.0127).	
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The	model	examining	how	age	and	working	memory	predicted	cognitive	control	
strategy	use	also	reached	significance	F(3,	68)	=	7.2233,	p	=	.0003.	Follow-up	tests	
showed	that	age	group	marginally	predicted	the	PBSI	Sum	score	(t(70)	=	1.9821,	p	=	
.0515),	while	working	memory	did	not	(t(70)	=	-.4289,	p	=	.6694).	The	interaction	term	
between	age	and	working	memory	only	reached	marginal	significance	(t(70)	=	1.7149,	p	
=	.0909).	To	understand	better	how	age	and	working	memory	interacted	to	predict	
proactivity,	follow-up	analyses	were	conducted	by	examining	conditional	effects	by	
Group.		A	graphical	representation	of	the	interaction	is	provided	in	Figure	9.	Due	to	the	
marginal	significance	of	the	interaction,	these	data	should	be	interpreted	with	caution.		
Follow-up	analyses	indicated	that	working	memory	was	not	a	significant	predictor	of	
proactivity	for	5-year-olds	(t	=	-.4289,	p	=	.6694),	while	it	was	a	significant	predictor	of	
proactivity	for	9-year-olds	(t	=	2.0016,	p	=	.0493).	
Finally,	the	model	examining	whether	age	and	attention	shifting	reached	
significance	F(3,	72)	=	7.9689,	p	=	.0001.	Follow-up	tests	showed	that	age	group	
Figure	8.	Marginal	interaction	between	inhibitory	control	and	age	group.	
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marginally	predicted	the	PBSI	Sum	score	(t(74)	=	1.9307,	p	=	.0575),	while	attention	
shifting	(t(74)	=	.9120,	p	=	.3648)	and	the	interaction	between	attention	shifting	and	age	
(t(74)	=	.5791,	p	=	.5643)	did	not	reach	significance.	
Separate	linear	regressions	were	also	performed	for	each	executive	skill	in	
order	to	examine	their	relations	to	the	d’	context	score.	The	regression	model	
examining	the	relation	between	inhibitory	control	and	age	(dichotomously	coded)	
reached	significance	F(3,	72)	=	13.3486,	p	<	.0001.	It	was	found	age	significantly	
(t(74)	=	2.4611,	p	=	.0162)	the	d’	context	score,	while	performance	on	the	flanker	did	
not	(t(74)	=	.6584,	p	=	.5124).	The	interaction	term	between	age	and	inhibitory	
control	did	not	reach	significance	(t(74)	=	1.2359,	p	=	.2205)	and	was	not	probed	
further.		
The	model	examining	whether	age	and	working	memory	predicted	cognitive	
control	strategy	use	also	reached	significance	F(3,	68)	=	13.7773,	p	<	.0001.	Follow-
up	tests	showed	that	age	group	(t(70)	=	2.2684,	p	=	.0265)	significantly	predicted	the	
d’	context	score,	while	working	memory	(t(70)	=	.2563,	p	=	.7985)	did	not.	The	
interaction	term	between	age	and	working	memory	only	reached	marginal	
significance	(t(70)	=	1.7721,	p	=	.0809).	To	understand	better	how	age	and	working	
memory	interact,	follow-up	analyses	were	conducted	by	examining	conditional	effects	
by	group.		A	graphical	representation	of	the	interaction	is	provided	in	Figure	9.	Due	to	
the	marginal	significance	of	the	interaction,	these	data	should	be	interpreted	with	
caution.		Follow-up	analyses	indicated	that	working	memory	was	not	a	significant	
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predictor	of	d’	context	for	5-year-olds	(t	=	.2563,	p	=	.7985),	while	it	was	a	significant	
predictor	of	d’	context	for	9-year-olds	(t	=	2.7725,	p	=	.0072).	
	
	
	
Finally,	the	model	examining	whether	age	and	attention	shifting	reached	
significance	F(3,	72)	=	11.4041,	p	<	.001.	Follow-up	tests	showed	that	age	group	
significantly	predicted	the	d’	context	score	(t(74)	=	3.7200,	p	=	.0004),	while	
Figure	9.	Marginal	interaction	between	working	memory	(WM)	and	age	group	predicting	
context	sensitivity	(top)	and	proactivity	(bottom).	
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attention	shifting	(t(74)	=	-.0688,	p	=	.9454)	and	the	interaction	between	attention	
shifting	and	age	(t(74)	=	.3622,	p	=	.7182)	did	not	reach	significance.	
Finally,	two	exploratory	regression	models	were	conducted	with	all	three	
executive	skills	(inhibitory	control,	working	memory,	and	attention	shifting)	and	age	
were	entered	into	the	first	block	and	the	associated	interaction	terms	between	age	
and	executive	skill	were	entered	into	the	second	block	were	entered	into	a	single	
model	predicting	the	PBSI	sum	score	and	d’	context	score.	For	the	model	predicting	
the	PBSI	Sum	Score,	the	first	(F(4,	67)	=	4.924,	p	<	.002)	and	second	(F(7,	64)	=	3.559,	
p	=	.003)	blocks	did	reach	significance,	however	none	of	the	individual	predictor	
coefficients	reached	significance	(ps	>	.12).	For	the	model	predicting	the	d’	context	
score,	both	the	first	block	(F(4,	67)	=	9.278,	p	<	.001)	and	second	block	(F(7,	64)	=	
3.848,	p	<	.001)	reached	significance.	In	block	1,	two	predictors	reached	marginal	
significance	–	age	(t	=	1.933,	p	=	.057)	and	working	memory	(t	=	1.704,	p	=	.093).	In	
block	2,	age	significantly	predicted	d’	context	scores	(t	=	2.236,	p	=	.029)	with	9-year-
old	children	having	higher	scores.	Additionally,	the	age	by	working	memory	
interaction	term	reached	marginal	significance	(t	=	1.713,	p	=	.092)	but	was	not	
followed	up	due	to	lack	of	power	and	the	exploratory	nature	of	these	analyses.	
	
Chapter	6:	Discussion	
	 The	paramount	goal	of	the	present	study	was	to	examine	the	chronometry	of	
cognitive	control	during	childhood.	As	hypothesized,	5-year-olds	preferentially	relied	
on	a	reactive	cognitive	control	strategy	when	performing	an	AX-CPT	task,	whereas	9-
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year-olds	preferentially	relied	on	a	proactive	cognitive	control	strategy.	9-year-olds	
also	exhibited	more	context	sensitivity	on	the	AX-CPT	than	their	5-year-old	
counterparts	did.	
	 In	addition	to	examining	behavioral	patterns	of	cognitive	control,	continuous	
electroencephalography	(EEG)	was	collected	while	the	children	completed	the	AX-
CPT	task	and	event-related	potentials	(ERPs)	were	computed	offline	in	order	to	
examine	whether	cognitive	control	strategy	was	associated	with	differential	patterns	
of	neural	activation	to	the	cue	and	probe	stimuli.	Consistent	with	our	hypotheses,	
we	found	that	greater	discrimination	(as	indexed	by	P3b	amplitude)	between	
different	kinds	of	task-relevant	information	given	in	advance	of	a	response-event	
(cue	stimuli)	resulted	in	an	increased	likelihood	of	using	a	proactive	strategy.	
However,	counter	to	our	hypotheses,	we	did	not	observe	associations	between	
cognitive	control	strategy	and	a	neural	component	reflective	conflict	monitoring	
(N2).	
	 The	final	goal	of	the	present	study	was	to	examine	associations	between	
cognitive	control	strategy	use	and	executive	functions.	Somewhat	consistent	with	
our	hypotheses,	we	found	preliminary	evidence	that	cognitive	control	strategy	use	
was	differentially	related	to	a	number	of	executive	skills.	Specifically,	we	found	
preliminary	evidence	that	proactive	control	and	increased	context	sensitivity	were	
positively	associated	with	working	memory	and,	surprisingly,	inhibitory	control.	
Counter	to	our	hypotheses,	there	were	no	observed	associations	between	reactive	
control	and	inhibitory	control.	
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	 The	goal	of	this	chapter	is	to	discuss	these	findings	in	more	detail	as	well	as	
relate	them	to	the	broader	literature.	Additionally,	we	will	highlight	some	of	the	
limitations	of	the	present	study	and	suggest	avenues	for	future	research.	
	
6.1	Developmental	differences	in	cognitive	control	strategy	use	
	 Findings	from	the	present	study	suggest	that	there	is	a	developmental	
transition	from	more	a	stimulus-driven	control	strategy	in	early	childhood	to	a	more	
sustained	and	planful	cognitive	control	strategy	in	later	childhood.	This	data	fits	
nicely	with	the	Dual	Mechanisms	of	Control	(DMC;	Braver,	2012)	theory,	which	
postulates	two	separable	cognitive	control	strategies	with	temporally	distinct	
profiles:	proactive	control	and	reactive	control.	Proactive	control	is	more	planful	in	
nature	and	is	enacted	prior	to	a	control-anticipated	event,	whereas	reactive	control	
is	recruited	on	an	as-needed	basis	in	response	to	the	detection	of	conflict.	Findings	
from	this	study	also	complement	both	theoretical	and	empirical	evidence	suggesting	
that	the	ability	to	implement	proactive	cognitive	control	strategies	emerges	during	
the	first	decade	of	life	(Chatham	et	al.,	2009;	Chevalier	et	al.,	2015;	Munakata	et	al.,	
2012).	
	 Examination	of	the	behavioral	data	from	the	present	study	reveals	a	number	
of	nuanced	relations	between	cognitive	control	strategy	and	development.	First,	as	
hypothesized	in	Aim	1,	we	see	that	5-year-olds	relied	on	probe-driven	reactive	
strategies	as	evidenced	by	a	variety	of	measures	including	poorer	behavioral	
performance	on	trials	that	shared	the	same	probe	as	the	target	trial	(BX)	relative	to	
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trials	that	shared	the	same	cue	as	the	target	trial	(AY),	reactive	scores	(e.g.	negative	
scores)	on	the	proactive	behavioral	shift	indices	for	accuracy	and	the	composite	for	
accuracy	and	reaction	time,	low	scores	on	a	measure	of	context	sensitivity	(e.g.	d’	
context),	as	well	as	significant	correlations	in	RT	between	trial	types	that	share	
probes	(BY,	AY)	and	insignificant	correlations	between	trial	types	that	share	cues	
(BY,	BX).	Together,	these	data	suggest	that	5-year-olds,	on	average,	preferentially	
used	a	reactive	strategy	on	the	AX-CPT	and	relied	heavily	on	probe	identity	for	
responding.	However,	it	is	worth	noting	that	one	measure	in	the	5-year-old	sample,	
the	PBSI	for	RT,	did	not	reflect	reactive	strategy	use.	This	measure,	which	compares	
RTs	on	AY	trials	relative	to	BX	trials,	showed	that	5-year-olds	slowed	more	on	AY	
trials	relative	to	BX	trials	–	a	pattern	more	consistent	with	proactive	control.	
However,	evidence	that	children	relying	on	reactive	control	do	not	slow	on	BX	trials	
relative	to	AY	trials	has	been	observed	in	a	sample	of	3.5-year-olds	who	completed	a	
very	similar	AX-CPT	(Chatham	et	al.,	2009).	One	reason	that	has	been	postulated	as	
to	why	young	children	do	not	show	more	slowing	on	BX	relative	to	AY	trials	is	that	‘Y’	
probes	are	rare	(30%	of	trials	for	the	present	study),	thus	they	may	still	
disproportionately	capture	the	attention	of	the	reactive	subjects	(Chatham	et	al.,	
2009).	Of	course,	another	reason	that	5-year-olds	may	slow	on	AY	trials	relative	to	
BX	trials	is	that	they	may	be	beginning	to	implement	some	aspects	of	proactive	
strategy	use.	Indeed,	previous	research	has	shown	that,	although	5-years-olds	
preferentially	rely	on	reactive	control	when	possible,	they	can	enact	proactive	
strategies	when	they	are	encouraged	to	via	task	demands	(Chevalier	et	al.,	2015).	
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	 In	contrast	to	the	5-year-olds,	9-year-olds	relied	on	cue-driven	proactive	
strategies	as	evidence	by	a	variety	of	measures	including	worse	behavioral	
performance	on	trials	that	shared	the	same	cue	as	the	target	trial	(AY)	relative	to	
trials	that	shared	the	same	probe	as	the	target	trial	(BX),	proactive	scores	(e.g.	
positive	scores)	on	all	three	proactive	behavioral	shift	indices,	high	scores	on	a	
measure	of	context	sensitivity	(e.g.	d’	context),	and	significant	correlations	in	RT	
between	trial	types	that	share	cues	(BY,	BX)	and	insignificant	correlations	between	
trial	types	that	share	probes	(BY,	AY).	These	data	contribute	to	a	growing	body	of	
literature	showing	an	increasing	preferential	reliance	on	proactive	cognitive	control	
strategies	as	well	as	increased	proactive	strategy	efficiency	emerges	in	the	latter	half	
of	the	first	decade	of	life	(Church	et	al.,	2016;	Lorsbach	&	Reimer,	2008;	Lucenet	&	
Blaye,	2014).	
	 In	sum,	our	hypotheses	for	Aim	1,	which	contended	that	5-year-olds	would	
rely	on	reactive	control	while	9-year-olds	would	rely	on	proactive	control,	were	
confirmed.	These	findings	were	particularly	important	given	that	the	present	study	
designed	the	first	developmental	and	EEG-friendly	version	of	the	AX-CPT,	which	
required	slight	alterations	to	task	timings	and	trial	proportions.	Given	that	within-
task	relations	and	between-group	relations	were	in-line	with	the	existing	literature,	
it	appears	the	EEG	version	of	the	task	is	indeed	valid	and	as	such,	developmental	
changes	in	neural	activation	can	be	examined	both	in	the	present	and	future	studies.	
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6.2	Neural	activation	during	Cognitive	Control	
Given	that	the	behavioral	data	suggested	that	5-year-olds	and	9-year-olds	
used	different	cognitive	control	strategies,	the	present	study	aimed	to	identify	
different	patterns	of	neural	activation	associated	with	cognitive	control	strategy	use.	
Two	time	periods	were	examined:		the	period	immediately	following	the	
presentation	of	the	cue	stimulus	(A	or	B,	which	required	no	response)	and	the	
period	following	the	probe	presentation	(X	or	Y,	which	required	a	response).	
	
	 6.2.1	Cue-locked	neural	processes	and	Cognitive	Control	Strategy	Use	
	 The	cue-locked	P3b	is	a	parietal	positivity	that	is	thought	to	reflect	target	
categorization,	context	updating,	and	memory	activation	of	task-relevant	
information.	Consistent	with	other	studies	in	children	examining	the	P3b	(Davis	et	
al.,	2003;	Ridderinkhof	&	van	der	Molen,	1995;	Rueda	et	al.,	2004),	the	component	
was	reliably	evoked	by	the	cue	stimulus	and	detectable	in	both	the	5-year-old	and	9-
year-old	groups.	Studies	in	adulthood	have	shown	that,	when	using	a	proactive	
strategy,	P3b	amplitudes	are	larger	for	‘B’	cues	relative	to	‘A’	cues	(Morales	et	al.,	
2015;	van	Wouwe	et	al.,	2011).	Given	the	existing	evidence	that	children	transition	
from	more	reactive	strategies	to	more	proactive	strategies	over	the	first	decade	of	
life	(Chatham	et	al.,	2009;	Chevalier	et	al.,	2015;	Munakata	et	al.,	2012),	we	
hypothesized	that	amplitude	of	the	P3b	for	‘A’	relative	to	‘B’	cues	may	be	altered	
during	this	time.	Indeed,	our	data	confirmed	this	hypothesis.	Specifically,	we	saw	
that	9-year-olds	showed	the	adult-like	pattern	of	having	a	larger	P3b	amplitude	to	
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‘B’	cues	relative	to	‘A’	cues,	while	5-year-olds	did	not	show	differential	P3b	
amplitudes	by	trial	type.	This	pattern	was	driven	by	a	reduction	in	P3b	amplitude	to	
‘A’	cues	in	the	9-year-olds.	To	our	knowledge,	this	is	the	first	study	examining	the	
P3b	on	an	AX-CPT	task	during	childhood	and	our	findings	suggest	that	the	
differential	magnitude	of	the	cue-locked	P3b	may	provide	a	valuable	neural	marker	
of	proactive	control	recruitment.	
	 In	addition	to	P3b	amplitude	differences	by	age	group,	an	even	more	
interesting	pattern	emerged	when	examining	the	relation	of	P3b	amplitude	to	
behavioral	performance.	The	data	suggest	that	the	more	a	participant’s	neural	
activity	differentiates	between	‘A’	and	‘B’	cues,	the	more	likely	they	are	to	utilize	a	
proactive	strategy.	This	is	particularly	interesting	since	the	cue-locked	P3b	precedes	
the	probe	presentation	and	response.	To	our	knowledge,	this	is	the	first	study	to	
demonstrate	that	individual	differences	in	P3b	amplitude	to	‘A’	and	‘B’	cues	predicts	
cognitive	control	strategy.	Future	research	should	aim	to	examine	whether	this	
relationship	holds	on	a	trial-level	basis.	
	 	
6.2.2	Probe-locked	Neural	Processes	and	Cognitive	Control	Strategy	Use	
The	probe-locked	N2	is	a	fronto-central	negativity	that	peaks	between	150-
300	ms	following	probe	presentation	(Van	Veen	&	Carter,	2002b)	and	it	is	thought	to	
index	conflict	detection	with	larger	amplitudes	for	less	frequent	responses,	
inhibiting	prepotent	responses,	and	reconciling	response	conflict.	Given	the	
differential	patterns	of	conflict	elicited	by	the	probe	stimulus	in	proactive	and	
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reactive	control,	we	hypothesized	that	children	would	show	alterations	in	N2	
amplitude	as	they	transition	from	reactive	to	proactive	control.	This	hypothesis	was	
not	supported	by	the	data.	In	fact,	there	were	no	differences	between	5-year-olds	
and	9-year-olds	and	no	differences	in	amplitude	between	AY	and	BX	trials,	although	
an	N2	was	identifiable	via	visual	inspection	(see	Figure	7)	and	looked	similar	to	other	
developmental	populations	(e.g.	Davis	et	al.,	2003;	Rueda	et	al.,	2004).		
	While	the	lack	of	findings	was	unexpected,	there	are	a	number	of	reasons	
why	the	expected	effects	may	not	have	emerged.	One	reason	is	the	different	
features	and	probabilities	of	the	‘X’	and	‘Y’	probes	may	have	obviated	the	expected	
effects.	Studies	have	shown	that	the	N2	amplitude	and	latency	is	sensitive	to	
stimulus	probability	as	well	as	featural	properties	of	the	stimulus	(for	review	see	
Folstein	&	Van	Petten,	2008).	Given	that	in	the	AX-CPT	‘Y’	probes	are	rarer	(30%	of	
trials	in	this	version)	and	perceptually	dissimilar	from	‘X’	probes	(70%	of	trials	in	this	
version),	the	lack	of	effects	may	be	attributable	to	factors	besides	cognitive	control	
strategy.	Another	reason	we	may	not	have	seen	the	expected	N2	effects	is	due	to	
the	within-age	group	variability	in	cognitive	control	strategy	use.	While	5-year-olds	
did,	on	average,	rely	on	reactive	control	and	9-year-olds,	on	average,	relied	on	
proactive	control,	there	were	a	fair	number	of	5-year-olds	who	used	proactive	
strategies	(based	on	a	positive	PBSI	sum	score,	N=15)	and	a	number	of		9-year-olds	
who	used	reactive	strategies	(based	on	a	negative	PBSI	sum	score,	N=9).	As	such,	the	
within-group	variability	in	cognitive	control	strategy	employed	may	reduce	our	
ability	to	detect	the	expected	N2	effects.	Finally,	given	the	lack	of	N2	amplitude	
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findings,	it	was	unsurprising	that	there	were	no	significant	associations	between	the	
N2	difference	score	and	measures	of	task	performance.	
	
6.2.3	Summary	of	ERP	findings	
	 To	our	knowledge,	this	study	is	the	first	to	examine	neural	components	of	
cognitive	control	strategy	using	an	AX-CPT	task	during	childhood.	Consistent	with	
studies	examining	ERPs	derived	from	an	AX-CPT	in	adulthood	(Dias	et	al.,	2013,	
2011;	Tekok-Kilic	et	al.,	2001;	van	Wouwe	et	al.,	2011),	this	new	child	AX-CPT	does	
appear	to	elicit	a	cue-locked	P3b	and	probe-locked	N2.	Consistent	with	our	
hypothesized	results,	9	-year-old	children	showed	a	more	adult-like	pattern	of	
activation	with	an	enhanced	P3b	to	‘B’	cues	when	compared	to	‘A’	cues,	while	5-
year-old	children	did	not	show	this	differentiation.	Additionally,	we	showed	that	
individual	differences	in	P3b	amplitude	on	‘B’	cues	relative	to	‘A’	cues	were	
significantly	associated	with	the	cognitive	control	strategy	utilized	by	the	participant.	
However,	our	findings	related	to	probe-locked	N2	activation	did	not	confirm	our	
hypothesis.	We	saw	no	differences	in	N2	amplitude	based	on	trial	type	or	age	group.		
	
	
6.3	Relations	between	Executive	Functioning	and	Cognitive	Control	
	 This	study	also	examined	associations	between	executive	skills	and	cognitive	
control	strategy	use.	Based	on	past	literature,	we	hypothesized	that	proactive	and	
reactive	strategy	use	would	be	associated	with	different	underlying	executive	skills.	
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Specifically,	based	on	prior	research,	we	expected	that	proactive	control	would	be	
most	strongly	associated	with	working	memory,	while	reactive	control	would	be	
most	strongly	associated	with	inhibitory	control.		Data	from	this	study	only	
moderately	supported	these	hypotheses.	
	 First,	5-year-olds	and	9-year-olds	were	examined	separately	to	determine	
which	executive	skills	were	closely	associated	with	the	strategy	implemented	by	an	
individual.	For	the	5-year-olds,	neither	the	model	predicting	proactivity	nor	the	
model	predicting	context	sensitivity	reached	significance,	which	was	counter	to	what	
we	hypothesized.	One	reason	that	our	models	may	not	have	reached	significance	is	
that	many	of	the	executive	function	measures	entered	into	the	model	were	
significantly	associated	with	each	other,	thus	introducing	multicollinearity	into	the	
model.	To	add	credence	to	this	idea,	there	is	an	emerging	body	of	work	suggesting	
that	the	postulated	three	components	of	executive	functioning	in	adulthood	
(Miyake	et	al.,	2000)	may	not	be	separable,	independent	constructs	during	early	
childhood	(e.g.	Brydges,	Reid,	Fox,	&	Anderson,	2012).	An	additional	reason	we	may	
not	have	seen	the	association	between	reactive	control	and	inhibitory	control	in	5-
year-olds	may	be	that	the	flanker	task	on	the	NIH	toolbox	does	not	cleanly	assess	
inhibitory	control	in	young	children.	As	we	reviewed	in	Chapter	2,	it	has	been	
postulated	that	there	are	different	kinds	of	inhibitory	control	–	proactive	inhibition	
and	reactive	inhibition	–	which	have	temporally	distinct	profiles	and	different	
underlying	neural	circuitry	(Aron,	2011).	It	may	be	that	the	Flanker	task	on	the	NIH	
Toolbox	more	accurately	taps	proactive	rather	than	reactive	inhibition	since	the	
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flanker	task	requires	the	upregulation	of	executive	attention	in	order	to	ignore	
flanking	stimuli.	As	such,	future	studies	may	have	more	success	finding	relations	
between	reactive	control	and	inhibitory	control	if	they	utilize	a	task	that	more	
cleanly	taps	reactive	inhibition.	
The	relations	between	cognitive	control	and	executive	functioning	in	9-year-
olds	were	also	mixed.	The	model	examining	proactivity	(PBSI	sum)	did	not	reach	
significance,	but	the	model	predicting	context	sensitivity	did.	Results	from	the	
significant	context	sensitivity	model	confirmed	our	hypothesis	that	increased	
working	memory	capacity	predicted	higher	context	sensitivity.	Given	that	the	d’	
context	and	PBSI	sum	are	highly	associated	(r=.607),	it	is	hard	to	decipher	why	only	
one	model	reached	significance.	One	reason	may	lie	in	how	the	PBSI	and	d’	context	
measures	are	computed.	For	the	d’	context	measure,	two	trial	types	that	share	a	
probe	are	compared	(AX	and	BX	trials),	while	the	PBSI	sum	score	compares	two	trial	
types	that	do	not	share	a	cue	or	probe	(AY	vs	BX).	Since	AX	and	BX	trials	share	a	
probe,	memory	of	the	cue	identity	(maintained	by	working	memory)	is	integral	to	
discriminating	between	AX	and	BX	trials.	In	contrast,	since	AY	and	BX	trials	do	not	
share	a	probe,	remembering	the	cue	identity	is	less	critical	to	discriminate	between	
these	two	trial	types.	
In	addition	to	the	within-age	analyses,	separate	sets	of	analyses	were	
conducted	in	order	to	examine	whether	age	group,	executive	skill	(inhibitory	control,	
attention	shifting,	and	working	memory),	or	an	interaction	of	the	two	predicted	
proactivity	(PBSI	sum	score)	and	context	sensitivity	(d’	context).	For	analyses	
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examining	the	predictive	nature	of	inhibitory	control,	a	marginal	age	by	inhibitory	
control	interaction	emerged	when	predicting	proactivity.	While	this	finding	should	
be	interpreted	with	caution,	the	data	suggest	that	inhibitory	control	is	a	stronger	
predictor	of	proactivity	for	9-year-olds	than	it	is	for	5-year-olds.		Additionally,	better	
inhibitory	control	skills	predicted	increased	proactivity	for	9-year-olds.	Given	prior	
work	suggesting	that	children	use	two	different	kinds	of	inhibition	–	monitoring-
related	inhibition	(more	proactive	in	nature)	and	motoric	inhibition	(more	reactive	in	
nature;	Chevalier,	Chatham,	&	Munakata,	2014)	–	this	finding	was	not	unexpected.	
Additionally,	given	that	the	NIH	Flanker	task	indexes	executive	attention	as	well	as	
inhibitory	processes,	it	is	likely	that	behavior	on	this	task	indexes	monitoring-related	
inhibition	(or	proactive	inhibition).		
The	relations	between	working	memory,	age,	and	cognitive	control	
tentatively	suggest	that	both	development	and	working	memory	skill	influence	
cognitive	control	strategy	use.		Indeed,	in	both	the	model	predicting	proactivity	and	
the	model	predicting	context	sensitivity,	a	marginal	age	by	working	memory	
interaction	emerged.	Due	to	the	marginal	significance	of	these	interactions,	these	
results	should	be	interpreted	with	caution.	However,	it	appears	that	that	working	
memory	is	a	stronger	predictor	of	proactivity	and	context	sensitivity	for	9-year-olds	
than	it	is	for	5-year-olds.		Additionally,	for	9-year-olds,	better	working	memory	
predicted	more	proactivity	and	context	sensitivity.	These	tentative	findings	are	in-
line	with	both	our	hypotheses	and	a	growing	body	of	literature	suggesting	that	more	
planful	cognitive	control	strategies	are	associated	with	working	memory	skills	–	
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particularly	since	the	dorsolateral	prefrontal	cortex	(DLPFC)	has	been	implicated	in	
both	working	memory	and	proactive	control	paradigms	(Amso	et	al.,	2014;	Aron,	
2011;	Braver	et	al.,	1997,	2009;	Bunge	et	al.,	2001;	Unger	et	al.,	2016).	
	 This	study	found	no	evidence	for	relations	between	attention	shifting,	age,	
and	cognitive	control	strategy	use.	This	is	not	very	surprising	given	that	the	literature	
linking	attention	shifting	to	cognitive	control	is	scant	and	we	did	not	have	any	
specific	hypotheses	regarding	the	role	of	attention	shifting	and	the	chronometry	of	
cognitive	control.	
	 Finally,	we	attempted	to	examine	the	relations	between	age,	all	three	
executive	functions,	and	the	associated	interaction	terms	predicting	proactivity	and	
context	sensitivity.	While	both	models	reached	significance,	only	the	model	
predicting	context	sensitivity	had	significant	coefficients.	Particularly,	it	showed	that	
older	children	were	more	likely	to	show	more	context	sensitivity.	Additionally,	the	
age	by	working	memory	interaction	term	reached	marginal	significance	and	again	
very	tentatively	suggesting	that	working	memory	is	a	stronger	predictor	of	context	
sensitivity	for	9-year-olds	than	it	is	for	5-year-olds	(see	Figure	9).	While	these	
findings	were	not	as	robust	as	predicted,	it	is	important	to	note	that	again	
multicollinearity	was	likely	a	problem	in	these	models	due	to	significant	associations	
between	some	of	the	executive	function	measures.	Additionally,	given	the	large	
number	of	predictors	in	the	model	and	the	modest	sample	size,	we	were	likely	
underpowered	to	detect	many	of	the	effects	of	interest.		
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		 Altogether,	this	data	only	moderately	confirmed	our	hypotheses	that	
executive	functioning	would	differentially	predict	cognitive	control	strategy	use.	
Consistent	with	existing	literature	and	our	hypotheses,	there	was	a	smattering	of	
evidence	suggesting	a	close	link	between	working	memory	and	more	planful	control	
strategies.	Contrary	to	our	hypotheses,	inhibitory	control	also	appeared	to	be	
tentatively	related	to	more	planful	control	strategies	in	9-year-olds.	Attention	
shifting	was	not	related	to	cognitive	control	strategy	use	in	this	study.	There	were	
also	a	number	of	marginally	significant	findings	suggesting	that	working	memory	and	
inhibitory	control	were	better	predictors	of	cognitive	control	in	9-year-olds	than	in	
5-year-olds,	although	these	results	should	be	interpreted	with	caution.		
	
6.4	Limitations	and	Future	Directions	
	 The	present	study	has	a	number	of	limitations	that	should	be	addressed.	
First,	and	most	notably,	the	sample	size	for	the	present	study	was	modest	at	best.	
Indeed,	due	to	the	small	sample	size,	we	were	likely	underpowered	to	detect	some	
of	the	expected	effects	–	particularly	when	examining	the	complex	relations	
between	age	and	multiple	executive	functions.	While	a-priori	power	analyses	were	
conducted	to	ensure	that	there	was	enough	power	to	detect	expected	behavioral	
effects,	the	relations	between	the	AX-CPT	and	executive	functioning	in	children	had	
not	been	previously	investigated.	As	such,	a	number	of	the	expected	interactions	
only	reached	marginal	significance.	Future	studies	should	aim	to	replicate	the	
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findings	reported	here	in	a	larger	sample	in	order	to	better	understand	the	relations	
between	cognitive	control	and	executive	functioning.	
	 Another	limitation	is	that	5-year-olds,	on	average,	completed	less	of	the	AX-
CPT	task	and	were	disproportionally	more	likely	to	be	excluded	from	analyses.	While	
this	is	a	problem	endemic	to	developmental	research,	it	is	still	worth	noting.	5-year-
olds	also	had	significantly	more	movement	artifact	in	their	EEG	data.	Additionally,	
while	9-year-olds	completed	more	trials	on	average,	it	is	important	to	note	that	
blocks	were	significantly	longer	for	5-year-olds	due	to	their	slower	reaction	times	
and	the	adaptive	response	window.	While	similar	confounds	have	existed	in	other	
child	AX-CPT	studies	comparing	two	age	groups	(e.g.	Chatham	et	al.,	2009),	future	
studies	should	aim	to	reduce	these	confounds	whenever	possible.	
	 Future	studies	should	aim	to	replicate	and	expand	upon	the	present	study	in	
a	number	of	different	ways.	Future	avenues	of	research	may	include	the	
investigation	of	other	neural	components	known	to	be	modulated	by	cognitive	
control	strategy	use	in	adults.	Candidate	components	may	include	the	P1	(Dias,	
Bickel,	Epstein,	Sehatpour,	&	Javitt,	2013;	Dias,	Butler,	Hoptman,	&	Javitt,	2011),	N1	
(Dias	et	al.,	2013,	2011;	Umbricht	et	al.,	2003),	P2	(Umbricht	et	al.,	2003),	error-
related	negativity	(ERN;	Suchan,	Zoppelt,	&	Daum,	2003;	van	Wouwe	et	al.,	2011),	
contingent	negative	variation	(CNV;	Bickel,	Dias,	Epstein,	&	Javitt,	2012;	Dias	et	al.,	
2013,	2011;	van	Wouwe	et	al.,	2011),	and	late	positive	potential	(LPP;	Chevalier	et	
al.,	2015).	Additionally,	time-frequency	analyses	may	provide	important	insights	into	
how	children	processes	and	sustain	task-relevant	information.	To	date,	no	
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longitudinal	assessment	of	cognitive	control	strategy	use	has	been	conducted.	Such	
a	study	is	necessary	to	confirm	many	of	the	insights	that	have	been	gained	through	
cross-sectional	studies	like	the	present	study.	Finally,	there	is	a	growing	body	of	
work	suggesting	that	cognitive	control	strategy	use	is	related	to	socioemotional	
functioning	in	adulthood	–	including	disorders	like	anxiety	and	schizophrenia	
(Braver,	2012;	Cohen	et	al.,	1999a;	Henderson	et	al.,	2014;	Sheffield	et	al.,	2014).	As	
such,	future	studies	should	examine	both	concurrent	relations	between	cognitive	
control	in	childhood	and	socioemotional	functioning	as	well	as	longitudinal	relations	
between	cognitive	control	strategy	use	and	later	psychopathology.	
	
6.5	Conclusion	
Childhood	is	characterized	by	a	period	of	protracted	cognitive	and	neural	
development.	Over	the	first	decade	of	life,	children	acquire	the	cognitive	skills	
necessary	for	real-world	functioning	such	as	the	rapid	management	and	
implementation	of	a	wide	array	of	cognitive	skills	and	the	ability	to	prioritize	
cognitive	demands	in	order	to	complete	a	goal	–	a	collection	of	skills	known	as	
cognitive	control.	Theoretical	models	have	posited	the	existence	of	two	kinds	of	
cognitive	control	with	temporally	distinct	profiles:	proactive	control	and	reactive	
control	(Braver,	2012;	Munakata	et	al.,	2012).	Proactive	control	is	enacted	prior	to	a	
control-anticipated	event	and	requires	that	goal-relevant	information	be	actively	
maintained	in	order	to	optimally	bias	attentional	and	activation	systems	in	order	to	
complete	a	goal.	In	contrast,	reactive	control	is	commonly	recruited	on	an	as-needed	
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basis	in	response	to	the	detection	of	conflict.	Developmental	theory	and	a	few	
empirical	studies	have	suggested	that	children	shift	from	a	heavy	reliance	on	
reactive	control	to	a	more	proactive	strategy	during	the	first	decade	of	life	
(Munakata,	Snyder,	&	Chatham,	2012).	This	shift	is	characterized	by	children	starting	
to	plan	their	behaviors	in	advance	of	a	goal-relevant	event	instead	of	reacting	to	
external	cues	in	order	to	enact	goal-relevant	behaviors.	However,	to	date	only	a	few	
studies	have	documented	this	transition	and	the	neural	and	cognitive	factors	that	
support	this	transition	have	been	largely	uninvestigated.	
Data	from	the	present	study	showed	that	children	transition	between	a	
preferential	reliance	on	reactive	cognitive	control	strategies	in	early	childhood	to	
proactive	cognitive	control	strategies	use	in	later	childhood.	More	specifically,	9-
year-olds	were	able	to	observe	and	sustain	environmental	cues	to	in	order	to	
complete	a	goal,	while	5-year-olds	used	stimulus-driven	information	to	drive	their	
responding.	These	behavioral	differences	were	also	accompanied	by	interesting	
differences	in	neural	activation	in	a	neural	component	known	as	the	cue-locked	P3b,	
which	is	thought	to	be	reflective	of	a	number	of	processes	including	target	
categorization,	context-updating,	and	memory	activation	of	task-relevant	
information	(Morales	et	al.,	2015;	van	Wouwe	et	al.,	2011).		This	study	
demonstrated	that	the	more	the	brain	discriminated	(as	indexed	by	P3b	amplitude)	
between	different	kinds	of	task-relevant	information	given	in	advance	of	a	response-
event	(‘A’	versus	‘B’	cue),	the	more	likely	that	child	was	to	use	a	proactive	strategy.	
9-year-olds	were	more	likely	to	discriminate	between	different	kinds	of	task-relevant	
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information	given	in	advance	of	a	response-event	(‘A’	versus	‘B’	cue)	than	5-year-
olds.	This	study	was	the	first	study	to	show	links	between	cognitive	control	strategy	
use	and	differential	patterns	of	neural	activation	on	an	AX-CPT	task	during	
childhood.	
	 This	study	also	showed	preliminary	evidence	that	cognitive	control	strategy	
use	was	differentially	related	to	a	number	of	executive	skills.	Specifically,	proactive	
control	and	increased	context	sensitivity	appear	to	be	positively	associated	with	
working	memory	performance	and	inhibitory	control	(particularly	in	9-year-olds),	
but	not	with	attention	shifting	–	even	after	controlling	for	the	effects	of	age.	
Additionally,	exploratory	analyses	of	marginally	significant	interaction	terms	
suggested	that	both	working	memory	and	inhibitory	control	are	more	strongly	
associated	with	proactivity	in	9-year-olds	than	they	are	in	5-year-olds,	although	
these	results	should	be	interpreted	with	caution.		
In	sum,	the	present	study	provided	important	insight	into	how	children	prepare	
for	and	complete	goals.	To	our	knowledge,	the	present	study	is	one	of	the	first	to	
document	the	neural	correlates	associated	with	proactive	and	reactive	control	in	
childhood	and	the	executive	skills	that	support	these	functions.	This	line	of	research	
is	important	not	only	for	furthering	our	understanding	of	the	development	of	goal-
relevant	behaviors,	but	also	may	have	implications	for	child	mental	health,	
particularly	anxious	cognition,	as	the	development	of	cognitive	control	has	been	
implicated	in	the	development	of	anxiety	in	children	(Henderson,	Pine,	&	Fox,	2015).	
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